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[0016] 

[Problems to be Solved by the Invention] However, the 
inventors of the present invention performed dry etching 
using CgFg gas having a large C/F ratio for a silicon oxide 
film by using a resist film as a mask and it was found that 
selectivity is not improved compared with CjFg gas having a 
small C/F ratio which has been used. 

[0017] In the following, experiments will be described 
which the inventors of the present invention conducted. 

[0018] The ICP plasma dry etching equipment was used as an 
etching equipment, the magnitude of electric power inputted 
to produce plasma was set at 1600W, a mixture of CsFg and Ar 
gases was used as etching gas, the gas flow rate was set at 
CsFg gas : Ar gas =4.7 : 4.0 (ml/min) and the gas pressure 
was set at 0.133Pa* Using such a process condition, etching 
was performed for the silicon oxide film by using the resist 
film as a mask. 

[0019] As a result, the selection ratio for the resist film 
was 1.81 in spite of using the gas (CgFg gas) having a large 
C/F ratio. This selection ratio is not too changed compared 
with the gas (CaFg gas) having a small C/F ratio which has 
been used. 

[0020] In view of the above, it is an object of the present 



- 2 - 



invention to improve selectivity when dry etching is 
performed using fluorocarbon gases having 0.5 or more C/F 
ratios . 
[0021] 

[Means for Solving the Problems] The inventors of the 
present invention consider that the selection ratio for the 
resist film is improved for the following reason when dry 
etching is performed for the silicon oxide film using 
fluorocarbon gases having a large C/F ratio. That is, a 
polymer film is accumulated on the surfaces of the silicon 
oxide film and resist film and said polymer film inhibits 
etching. Thus, when the lowering degree of the etching rate 
for the silicon oxide film is less than that for the resist 
film, the selection ratio for the resist film is improved, 
while when the lowering degree of etching rate for the 
silicon oxide film is more than or the same as that for the 
resist film, the selection ratio for the resist film is not 
improved - 

[0022] Therefore, if fluorocarbon gases having a large C/F 
ratio is used, the selection ratio for the resist film is 
not always improved and if fluorocarbon gases having large 
C/F ratios are used and if the lowering degree of the 
etching rate for the silicon oxide film is less than that 
for the resist film, the selection ratio for the resist film 
can be improved. 



[0023] Moreover/ noticing the residence time for 
fluorocarbon gas x = P x V/Q (provided that P is the 
pressure of fluorocarbon gas (unit : Pa), V is the volume of 
a reaction chamber (unit : L), Q is the flow rate (unit : 
Pa*L/sec) for fluorocarbon gas), the inventors of the 
present invention determined the resident time x during 
which the selection ratio for the resist film is improved by 
varying the pressure and flow rate for fluorocarbon gas in 
reaction chambers having various volumes. As a result, it 
was found that when fluorocarbon gases whose C/F ratios are 
more than 0.5 is used, the selection ratio for the resist 
film is improved if the residence time x is more than 0.1 
(sec) and less than 1 (sec). In addition, when the 
residence time x is less than 0.1 (sec), the selection ratio 
for the resist film is not improved, meaning that the 
accumulation of a polymer is promoted, that is, the 
accumulation rate of an organic film is improved. 
[0024] Then, the residence time x varies with the volume V 
of a reaction chamber as seen from the relational expression 
for the residence time t = P x V/Q. 

[0025] Then, it was found that if the conception of P x 
Wo/Q which is the product of the residence time x = P x v/Q 
and power density Pi = Wo/V (provided that Wo is the 
magnitude of electric power and V is the volume of a 
reaction chamber) for electric power inputted to produce 
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plasma is introduced/ the selection ratio for the resist 
film can be improved and the accumulation rate of an organic 
film can be improved regardless of the volume of a reaction 
chamber. 

[0026] The present invention is made based on said findings 
and is more specifically as follows. 

[0027] The first plasma treating method with which the 
present invention is concerned involves the process of 
installing a substrate, on whose surface a silicon oxide 
film is formed, inside the reaction chamber of a plasma 
treating equipment, the process of introducing into the 
reaction chamber fluorocarbon gases which contain carbon and 
fluorine and whose ratios of carbon to fluorine are more 
than 0.5, the process of producing plasma comprising 
fluorocarbon gas and performing etching for the silicon 
oxide film using said plasma and controlling the residence 
time T = P X V/Q (provided that P is the pressure of 
fluorocarbon gas (unit : Pa), V is the volume of a reaction 
chamber (unit : L) and Q is the flow rate (unit : Pa*L/sec) 
for fluorocarbon gas) for fluorocarbon gas in a reaction 
chamber between more than 0.1 (sec) and less than 1 (sec). 
[0028] According to the first plasma treating method, 
because etching for the silicon oxide film is performed by 
controlling the residence time x for fluorocarbon gas in a 
reaction chamber between more than 0.1 (sec) and less than 1 
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(sec)^ the selection ratio for the resist film can be 
improved to more than 2 in a process stabilized state. 
[0029] The second plasma treating method with which the 
present invention is concerned involves the process of 
installing a substrate, on whose surface a silicon oxide 
film is formed, inside the reaction chamber of a plasma 
treating equipment, the process of introducing into the 
reaction chamber fluorocarbon gases which contain carbon and 
fluorine and whose ratios of carbon to fluorine are more 
than 0.5, the process of producing plasma comprising 
fluorocarbon gas and performing etching for the silicon 
oxide film using said plasma and controlling the P x Wo/Q 
value which is the product of the residence time x = P x v/Q 
(provided that P is the pressure of fluorocarbon gases 
(unit : Pa), V is the volume of a reaction chamber (unit : 
L) and Q is the flow rate (unit : Pa*L/sec) for fluorocarbon 
gas)and power density Pi = Wo/V (provided that Wo is the 
magnitude of electric power (unit : W) and V is the volume 
of a reaction chamber (unit : L)) for electric power 
inputted to produce plasma between more than 0.8 x 10^ (sec 
W/m^) and less than 8 x 10^ (sec-W/m^). 

[0030] According to the second plasma treating method, 
because etching for the silicon oxide film is performed by 
controlling the P x Wo/Q value which is the product of the 
residence time x for fluorocarbon gas in a reaction chamber 



and power density Pi for electric power inputted to produce 
plasma between more than 0.8 x 10"* (sec*W/m^) and less than 8 
X 10^ (sec*W/m^), the selection ratio for the resist film can 
be improved to more than 2 in a process stabilized state. 
[0031] The third plasma treating method with which the 
present invention is concerned involves the process of 
installing a substrate inside the reaction chamber of a 
plasma treating equipment, the process of introducing into 
the reaction chamber fluorocarbon gases which contain carbon 
and fluorine and whose ratios of carbon to fluorine are more 
than 0.5, the process of producing plasma comprising 
fluorocarbon gas and accumulating an organic film on the 
substrate using said plasma and controlling the residence 
time T = P X v/Q (provided that P is the pressure of 
fluorocarbon gas (unit : Pa), V is the volume of a reaction 
chamber (unit : L) and Q is the flow rate (unit : Pa-L/sec) 
for fluorocarbon gas) for fluorocarbon gas below 0.1 (sec). 
[0032] According to the third plasma treating method, 
because the accumulation of the organic film is performed by 
controlling the residence time x for fluorocarbon gas in the 
reaction chamber below 0.1 (sec), the depositing rate of the 
organic film can be improved in a process stabilized state. 
[0033] The forth plasma treating method with which the 
present invention is concerned involves the process of 
installing a substrate inside the reaction chamber of a 
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plasma treating equipment, the process of introducing into 
the reaction chamber fluorocarbon gases which contain carbon 
and fluorine and whose ratios of carbon to fluorine are more 
than 0,5, the process of producing plasma comprising 
fluorocarbon gas and accumulating an organic film on the 
substrate using said plasma and controlling the P x Wo/Q 
value which is the product of the residence time x = P x v/Q 
(provided that P is the pressure of fluorocarbon gas (unit : 
Pa)r V is the volume of a reaction chamber (unit : L) and Q 
is the flow rate (unit : Pa*L/sec) for fluorocarbon gas) 
fluorocarbon gas and power density Pi = Wo/V (provided that 
Wo is the magnitude of electric power (unit : W) and V is 
the volume of a reaction chamber (unit : L) ) for electric 
power inputted to produce plasma below 0.8 x lO'* (sec*W/m^). 
[0034] According to the forth plasma treating method, 
because the accumulation of the organic film is performed by 
controlling the P x Wo/Q value which is the product of the 
residence time x for fluorocarbon gas in a reaction chamber 
and power density Pi for electric power inputted to produce 
plasma below 0.8 x 10* (sec*W/m^), the depositing rate of the 
organic film can be improved in a process stabilized state. 
[0035] In the first to forth plasma treating method, it is 
desirable that fluorocarbon gas is gas containing at least 
one of C4Fa, C^Fg, C3F3^ C^Fq and CgFg gases. 

[0036] In the first to forth plasma treating method, it is 
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desirable that the residence time x is controlled by at 
least one of a mass flow controller placed in the plasma 
treating equipment, and a valve and a pump placed in the 
plasma treating equipment, 

[0037] The fifth plasma treating method with which the 
present invention is concerned involves the process of 
installing a substrate, on whose surface a silicon oxide 
film is formed, inside the reaction chamber of a plasma 
treating equipment, the process of introducing into the 
reaction chamber the first fluorocarbon gases which contain 
carbon and fluorine and whose ratios of carbon to fluorine 
are more than 0.5, the process of producing the first plasma 
comprising the first fluorocarbon gases and performing 
etching for the silicon oxide film using said first plasma, 
the process of introducing into the reaction chamber the 
second fluorocarbon gases which contain carbon and fluorine 
and whose ratios of carbon to fluorine are more than 0.5, 
the process of producing the second plasma comprising the 
second fluorocarbon gases and accumulating an organic film 
on the etched silicon oxide film using said second plasma, 
controlling the first residence time = x V/Q^ (provided 
that Pi is the pressure of the first fluorocarbon gas 
(unit : Pa), V is the volume of a reaction chamber (unit : 
L) and Qi is the flow rate (unit : Pa-L/sec) for the first 
fluorocarbon gas) for the first fluorocarbon gas in the 
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reaction chamber between more than 0.1 (sec) and less than 1 
(sec) and controlling the second residence time = Pj x 
V/Q2 (provided that is the pressure of the second 
fluorocarbon gas (unit : Pa)/ V is the volume of the 
reaction chamber (unit : L) and Qj is the flow rate (unit : 
Pa*L/sec) for the second fluorocarbon gas) for the second 
fluorocarbon gas in the reaction chamber below 0.1 (sec). 
[0038] According to the fifth plasma treating method ^ the 
selection ratio for the resist film can be improved to more 
than 2 and the depositing rate of the organic film can be 
improved in a process stabilized state. 

[0039] The sixth plasma treating method with which the 
present invention is concerned involves the process of 
installing a substrate, on whose surface a silicon oxide 
film is formed/ inside the reaction chamber of a plasma 
treating equipment, the process of introducing into the 
reaction chamber the first fluorocarbon gases which contain 
carbon and fluorine and whose ratios of carbon to fluorine 
are more than 0.5, the process of producing the first plasma 
comprising the first fluorocarbon gases and performing 
etching for the silicon oxide film using said first plasma, 
the process of introducing into the reaction chamber the 
second fluorocarbon gases which contain carbon and fluorine 
and whose ratios of carbon to fluorine are more than 0.5, 
the process of producing the second plasma comprising the 
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second fluorocarbon gases and accumulating an organic film 
on the etched silicon oxide film using said second plasma, 
controlling the x Wj/Qi value which is the first product 
of the first residence time Xi = x V/Qj (provided that P^ 
is the pressure of the first fluorocarbon gas (unit : Pa), V 
is the volume of a reaction chamber (unit : L) and Qj is the 
flow rate (unit : Pa-L/sec) for the first fluorocarbon gas) 
for the first fluorocarbon gas in a reaction chamber and 
power density Pi^ = wyv (provided that is the magnitude 
of the first electric power (unit : W) and V is the volume 
of a reaction chamber (unit : L)) for the first electric 
power inputted to produce the first plasma between more than 
0.8 X 10^ (sec-W/m') and less than 8 x 10^ (sec-W/m^) and 
controlling the Pj x Wj/Qj value which is the second product 
of the second residence time = Pj x V/Qj (provided that Pj 
is the pressure of the second fluorocarbon gas (unit : Pa), 
V is the volume of a reaction chamber (unit : L) and is 
the flow rate (unit : Pa-L/sec) for the second fluorocarbon 
gas) for the second fluorocarbon gas in a reaction chamber 
and power density Pi2 = Wj/V (provided that is the 
magnitude of the second electric power (unit : W) and V is 
the volume of a reaction chamber (unit : L)) for the second 
electric power inputted to produce the second plasma below 
0.8 X 10* (sec-W/m^) . 

[0040] According to the sixth plasma treating method, the 
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selection ratio for the resist film can be improved to more 
than 2 and the depositing rate of the organic film can be 
improved in a process stabilized state. 

[0041] In the fifth or sixth plasma treating method, it is 
desirable that the first fluorocarbon gas is gas containing 
at least one of C4F8, CjFg, C^F^ and CgFg gases and that the 
second fluorocarbon gas is gas containing at least one of 
C4F8, C4F6, C3F8/ CgFa and CfiFfi gases. 

[0042] In the fifth or sixth plasma treating method, it is 
desirable that the first residence time and the second 
residence time are controlled by at least one of a mass 
flow controller placed in the plasma treating equipment, and 
a valve and a pump placed in the plasma treating equipment, 
respectively . 
[0043] 

[Description of the Embodiments] In the following, the 
plasma treating method with which each embodiment of the 
present invention is concerned will be described and as its 
premise, the solving principle of the present invention will 
be described. 
[0044] 

[Table 1] 

[0045] 

[Table 2] 

[0046] 
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[Table 3] 

[0047] [Table 1], [Table 2] and [Table 3] show the results 
of experiments in which the residence times x of the gases 
in the reaction chamber were determined by performing plasma 
etching with varying the volume of the reaction chamber, the 
flow rate of CgFg gas and the pressure of C^F^ gas in the 
plasma etching method using the CgPg gas as etching gas. 
[0048] Further, [Table 1 ] is a case where the volume of the 
reaction chamber is 25 liters, [Table 2 ] is a case where the 
volume of the reaction chamber is 10 liters and [Table 3] is 
a case where the volume of the reaction chamber is 50 liters • 
In addition, because in an experiment determining the 
residence time x, the flow rate (mL) per one minute in a 
normal state was used as a gas flow rate, the flow rate of 
CgFa gas is expressed as a unit of (x 133.3/79.05 (Pa.L/sec)) 
based on the conversion formula of the gas flow rate per one 
minute in a normal state 79.05 (mL) = 133.3 (Pa.L/sec). 
Moreover, since mTorr was used as a gas pressure, the flow 
rate of the CgFg gas is expressed as a unit of (x 0.133 (Pa)) 
based on the conversion formula of 1 (mTorr) = 0.133 (Pa). 
[0049] For data of [Table 1], [Table 2] and [Table 3], the 
residence times x for the gases were determined by 
substituting values of the volume of the reaction chamber 
(unit : L), the gas flow rate (unit : Pa-L/sec) and the gas 
pressure (unit : Pa) for the relational expression x = P x 
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V/Q (provided that x is the residence time x for gas in a 
reaction chamber, P is gas pressure (unit : Pa), V is the 
volume of a reaction chamber (unit : L) and Q is the gas 
flow rate (unit : Pa-L/sec)), in addition, in [Table 1], 
[Table 2] and [Table 3], the areas enclosed with a frame of 
a thick line show the residence time during which the 
selection ratio of the silicon oxide film for the resist 
film is more than 2 . 

[0050] Thus, it is found from [Table 1], [Table 2] and 
[Table 3] that in the plasma etching method using C^F^ gas 
as etching gas, values of more than 2 are obtained as the 
selection ratio of the silicon oxide film for the resist 
film if the residence times x are more than 1.0 (sec) and 
less than 1 (sec). Further, also in areas other than those 
enclosed with a thick frame, some residence times x belong 
to the range 0 to 1 ( sec ) , but it has been found from our 
experience that if the gas flow rate and gas pressure 
corresponding to the areas enclosed with a thick frame are 
used, the process is stabilized. Although in [Table 1], 
[Table 2] and [Table 3], the residence times x are 
distributed in the range 0.01 (sec) to 395.3 (sec), the 
present invention selected an extremely narrow area of the 
range 1.0 to 1 (sec) and found that if this extremely narrow 
area is selected for the residence times, the process is 
stabilized and the selection ratios of the silicon oxide 
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film for the resist film are more than 2. 
[0051] Furthermore, when the residence times x are less 
than 0.1 (sec), the selection ratio for the resist film is 
low, meaning that the accumulation of a polymer is promoted, 
that is, the accumulation rate of an organic film is 
improved. Therefore, if the residence times x for gas are 
set at less than 0.1 (sec), the accumulation rate of the 
organic film is improved. 

[0052] Then, as seen from the above-mentioned relational 
expression of x = P x V/Q, the residence time varies with 
the volume of a reaction chamber. 

[0053] Then, the conception of E = P x Wo/Q which is the 
product of power density Pi = Wo/V (provided that Wo is the 
magnitude of electric power (unit :W) and V is the volume of 
a reaction chamber (unit : L)) for electric power inputted 
to produce plasma and the residence time x is introduced. 
Thus, the selection ratio for the resist film can be 
improved and the accumulation rate of an organic film can be 
improved regardless of the volume of a reaction chamber. 
[0054] The fact that the residence times x are in the range 
which is lower than 1.0 and less than 1 (sec) corresponds to 
the fact that the product E of the residence time x and 
power density Pi is more than 0.8 x 10* (sec*W/m^) and less 
than 8 x 10* (sec-W/m^). 

[0055] Thus, if the product E of the residence time x and 
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power density Pi is more than 0,8 x IC* (secW/m^) and less 
than 8 x 10"* (secW/m^), a process is stabilized and the 
selection ratios of the silicon oxide film for the resist 
film are more than 2 . 

[0056] If the product E of the residence time x and power 
density Pi is less than 0.8 x 10^ (sec-W/m^), the 
accumulation rate of an organic film is improved. 
[0057] Fig, 2 shows the relation between the residence time 
T and the etching rate of BPSG (Boro-phosphate-silicate 
glass) and the resist film when plasma etching is performed 
with varying etching gas. Further, in Fig. 2, if shows the 
etching rates for BPSG film when CjFg gas is used, ♦ shows 
the etching rates for BPSG film when C4Fg gas is used, # 
shows the etching rates for BPSG film when CgFa gas is used, 
^ shows the etching rates for BPSG film when C2F6 gas is 
used, O shows the etching rates for BPSG film when C4F8 gas 
is used and O shows the etching rates for BPSG film when 
^5^8 is used. 

[0058] It is found from Fig. 2 that when C4F8 and CgFa gases 
are used, the etching rates for the BPSG and resist films 
are lower if the residence times are short. This is 
considered to be due to the fact that a polymer film is 
accumulated on each surface of the BPSG and resist films and 
said polymer film serves to inhibit etching. On the other 
hand, it is found that when C2F5 gas is used, the etching 
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rates for the BPSG and resist films are great if the 
residence times are short. 

[0059] Fig. 3 shows the ratio of the etching rate for the 
BPSG film to the etching rate for the resist film, that is, 
the dependency of the selection ratio for the resist film on 
the residence time x. Further, in Fig. 3, if shows the 
selection ratios when CjFg gas is used, ♦ shows the 
selection ratios when C4F8 gas is used and # shows the 
selection ratios when C^F^ gas is used. 

[0060] It is found from Fig. 3 that when C4F8 and CsFg gases 
are used, the selection ratios for the resist film are great 
if the residence t dimes are short. When C4F8 gas is used, the 
selection ratios are decreased if the residence times are 
less than 0.2 (sec), though. This is due to the fact that 
the decrease in the etching rate for the BPSG film is 
greater than that for the resist film. On the other hand, 
it is found that when CjFg gas is used, the selection ratios 
hardly depend on the residence times. 

[0061] It is confirmed from the above consideration that 
when fluorocarbon gases whose carbon ratios are more than 
0.5 such as C4F3 and CsFg gases is used, the etching 
selectivity is improved if the residence times are 
controlled between more than 0.1 (sec) and less than 1 (sec), 
[0062] Fig. 4 shows the dependency of each ion quantity of 
F', CF^", CjFs", C5F7", C^Fn' and CgFij' ions on the residence 
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time when plasma comprising fluorocarbon gas is generated in 
an inductive coupling type plasma treating equipment and 
this determination was carried out using the electron 
deposit mass spectrography . Thus^ F' ion is generated by 
the dissociative electron deposit process from all C^Fy 
molecules^ CF^" ion is generated by the dissociative 
electron deposit process from CF4 molecule and C2F5" ion is 
generated by the dissociative electron deposit process from 
CjFg molecule. In addition , C5F7 C7F11 and CgF^i ions are 
generated by both the similar dissociative electron deposit 
and non dissociative electron deposit processes. 
[0063] It is found from Fig. 4 that if the residence times 
are short, lower order ions such as F", CF^" and C2F5" ions 
decrease, while higher order ions such as C5F7, C^F^" and 
CgFn' ions increase. That is, it is found that if the 
residence times are short, lower order molecules decrease, 
while higher order molecules increase and therefore, it is 
found that if the residence times are short, the selectivity 
for the resist film is improved. 

[0064] Fig. 5 shows the relation between the product E of 
the residence time x and power density Pi and the etching 
rates of BPSG and the resist film when plasma etching is 
performed with varying etching gas. Further, in Fig. 5, the 
power density Pi is calculated as 1800W. In addition, in 
Fig. 5, iK shows the etching rates for BPSG film when CjFg 
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gas is used, ♦ shows the etching rates for BPSG film when 
C^Fg gas is used, # shows the etching rates for BPSG film 
when CgFe gas is used, shows the etching rates for BPSG 
film when CjEg gas is used, O shows the etching rates for 
BPSG film when C4F8 gas is used and O shows the etching 
rates for BPSG film when C^F^ gas is used. 

[0065] It is found from Fig. 5 that when C4F8 and CgFa gases 
are used, the etching rates for the BPSG and resist films 
are lower if the product E of the residence time and power 
density is lower. This is due to the fact that the relation 
similar to that between the above-mentioned residence times 
T and etching rates of the BPSG and resist films holds good. 
[0066] Fig. 6 shows the dependency of the selection ratios 
for the resist film on the product E of the residence time 
and power density. Further, in Fig. 6, the power density Pi 
is calculated as 1800W. In addition, in Fig. 6, if shows the 
selection ratios when C^F^ gas is used, ♦ shows the 
selection ratios when C4F8 gas is used, # shows the 
selection ratios when CgFa gas is used- 

[0067] It is found from Fig. 6 that when C4Fg and CsFg gases 
are used, the selection ratios for the resist film are great 
if the product E of the residence time and power density is 
lower. This is due to the fact that the relation similar to 
that between the above-mentioned residence times and 
selection ratios holds good. 



- 19 - 



[0068] It is confirmed from the above consideration that 
when fluorocarbon gases whose carbon ratios are more than 
0.5 such as C4F8 and CgFe gases are used, the etching 
selectivity is improved if the product E of the residence 
time and power density is controlled between more than 0.8 x 
10* (sec-W/m^) and less than 8 x 10* (sec-W/m^). 
[0069] Fig. 7 shows the dependency of each ion quantity of 
F", CF^', ^2^5*/ CsFj', C7F11" and CgFii" ions on the residence 
times when plasma comprising fluorocarbon gas is generated 
in an inductive coupling type plasma treating equipment. 
[0070] It is found from Fig. 7 that if the product E of the 
residence time and power density is lower, lower order ions 
such as F", CF^* and C2F5' ions decrease, while higher order 
ions such as CsF7, CjF^^" and C^F^' ions increase. That is, it 
is found that if the product E of the residence time and 
power density is lower, the selectivity for the resist film 
is improved . 

[0071] Figs. 8(a) to (c) show the results of the electronic 
energy strength distribution of F" ion determined using the 
residence time as a parameter. Fig. 8(a) is a case where the 
residence time is 4.5 (sec). Fig. 8(b) is a case where the 
residence time is 5.2 (sec) and Fig. 8(c) is a case where 
the residence time is 13.5 (sec). These strength 
distributions may be determined if dissociative fragments 
from each molecule can be observed and if the cross section 
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is known • 

[0072] It is found from Figs. 8(a) to (c) that for C^F^ and 
CjFg gases, if the residences time are long, they increase. 
This phenomenon has consistency with the results shown in 
Fig. 3. In addition. It is found from Figs. 8(a) to (c) 
that if the residence times are short, fluorocarbon gases to 
be regulated such as CjFg and CjFg gases which have a 
deleterious effect on environment can be reduced. 
[0073] Then, in Japanese Unexamined Patent Application 
Publication No. 5-259119 Official Gazette, the technique is 
proposed that the residence time x is shortened by using a 
high speed exhaust pump and that the etching selection ratio 
is attempted to be improved thereby. The technique shown in 
[0051], Fig. 7 and its description in Japanese Unexamined 
Patent Application Publication No. 5-259119 Official Gazette 
is at first glance similar to the present invention. 
[0074] However, the problem which the invention of Japanese 
Unexamined Patent Application Publication No. 5-259119 
Official Gazette tries to solve is to try to lessen the 
influence of reaction products (COj or the like) from wafer 
by high speed exhaust of COj in the right side expressed as 
a chemical formula: SiOa + CF,, SiF^ + CO2 and the invention 
of Japanese Unexamined Patent Application Publication No. 5- 
259119 Official Gazette does not specify etching gas. 
[0075] In contrast, the present invention has no problem 
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like said one at all and has found it important to set the 
residence time or the product E of the residence time and 
power density in a predetermined range in order to make 
surely high the selection ratio for the resist film when 
etching is performed using gas whose C/N ratio is great. 
Therefore, the invention of Japanese Unexamined Patent 
Application Publication No. 5-259119 Official Gazette in 
which etching gas is not specified and the present invention 
in which process gas is specified as fluorocarbon gases 
whose C/N ratios are more than 2 are quite different in 
technical thought, constitution and effect. 
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[Fig. 6] 
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[Fig. 9] 

SAl Installation of semiconductor substrate 
SA2 Introduction of process gas 

SA3 Control of residence time x: 0.1 second< x ^ 1 second 
SA4 Production of plasma 

SA5 Applying the second high frequency electric power to a 

sample stand 

SA6 plasma etching 

[Fig. 8] 
(a) 

Strength distribution (a given unit) 

Electronic energy (ev) 

(b) 

Strength distribution (a given unit) 

Electronic energy (ev) 

(c) 
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Strength distribution (a given unit) 
Electronic energy (ev) 

[Fig, 10] 

SBl Installation of semiconductor substrate 
SB2 Introduction of process gas 
SB3 Control of residence time x: x ^ 0.1 second 
SB4 Production of plasma 

SB5 Applying the second high frequency electric power to a 
sample stand 

SB6 Accumulation of an organic film 
[Fig. 11] 

SCI Installation of semiconductor substrate 
SC2 Introduction of the first process gas 

SC3 Control of residence time x: 0.1 second< x ^ 1 second 
SC4 Production of the first plasma 

SC5 Applying the second high frequency electric power to a 

sample stand 

SC6 Plasma etching 

SC7 Etching by oxygen plasma 

SC8 Introduction of the second process gas 

SC9 Control of residence time x: x ^ 0.1 second 

SCIO Production of the second plasma 

sell Applying the second high frequency electric power to a 
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sample stand 

SC12 Accumulation of an organic film 
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ffi : Pa) T-*5*5 . Vnt^ft^m<n^m imtL : L ) T-^ 

Qo *l?B2(iO:7/u?fD 7K>;^X(75nrga (feiifjA : 
Pa • L/scc ) T'^^o ) $rO. I (sec) JiilTtw,Ti«I?aii- 

(0 0 3 8] ^;5 0^^X-vSiL^,l!y//i3{r J:5<i:. :7'air 
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10 

h ^ f .Ti . h $ ii- ^ z ^ /-) 5 r- ^ . . 

[0 0 3 9] >tc5giiji:-fjr:^^?;6c/)r^ X'-^^L5|[:>;/i:-(i, 
X-v-ita^^i^^co/xfo'ff'^/^i^stfili^, 5^<f7n;c>^!j =r 
f t:ll$5/i ^ /f^/ijc $ n J£ e dS: iW 5 X ft: ^ . Si:c:: ^ ^7) \H ffii 

1 (TD^tX-t^^^^L. 1^35 L <75:/^X-v'^fflv>T'>L; 

|g(7:>tt;'?^?5'^0. 5 lilJt'C^'S^ 2(7:>:7/Upt-a ;<7— .-If 
^$:«Ai--5XS(t , ^2cr)>^/U;tn;<7-.-}f>';y';:^;0>6 
/cC5S2<0:7^7X-7^igtfiScL. ISS2<^>r^X-r$rffl(,> 

<75Sfc;^{ribMt6m 1 <^r»?EB#Ba r 1 =P. ><:v/Qi 

(fi.L. Pi 1 <75>^/Uyi-a:;t7— ;K>';3{/;^co/±;^ 
(Sl : Pa) X^'O. VfiSfT^coSfS (^ffi : L ) T-^ 
20 Qi {IIS 1 CO:7/U7fn ;^7— 7r^>';</^cOngS (^ffi : 

Pa • L/sec ) -C-^5= ) <i: . ^ I O'T't X-t- ^r^isg-T 5 

V (fa Wi (ilS i (ryn.ti<r>1^^ ^ (^fii : w ) X'^ 
0. VfiSi^^^cDSfS (^(^L : L ) X'^^o ) X^ 
6o ) itOlS l<7)fjST-^5 P. XW, /Q, C7)(|g^0, 
8X10-* (sec • W/m=*) J: # < S.O 8 X I 0 "* 

(sec-W/m=») i^TJC^lffllL. M2(7:>:7/U^n;^ — 
:</^<7)Si:?M{Ci5;t6m2<75f»fiEB#Rf| r 2 =P2 XV/ 
(fi-U. Pa ^i^2oo:7/^7^a^— 7}^:x;^>^(7)fiE;^; 

30 (W5: : Pa) T-^«9 . V flSiCc:; MIOSIS (^ffi : L ) -C 
^J"?. Qz {i^2(^)r7/U7t-a;^-.ifV;{/;^(75?jgl[ (^ 
ffi : Pa - L/sec ) T'^So ) <t . ^ 2 O:/"^ X-^,- 
i-5/ci6{wS:A$ix5^260S>7£om:^^/$P =W 
2 /V (fSL. W3 ^±^2<7)^;f7C7^:^c#$ (W5:W ) 
T'^i^. Vfl^0^<7)S|g (*S:L) r'^5o ) irtO 
^2 60fgr**55 P2 XWa/Qs <7)fe ^0. 8X10** 

(sec • w/m^) ^jLT{::^li.^i-5o 

[0 0 4 0] ^6(7):7'7X-r^ta^;^t£iCj:5<i:. ^air 
h ^f^Ji -h ^ -tt 5 :: i: T- # -So^. 

(0 0 4 1] ^5 >L\t.'^ 6 coy 7 X-r4Q:S;^?:fe{C:foV ^ 
Fa;<^^, CsFa;^f>^&t>'C«Fe^>^.<75 0 ^<7)/>/j:< i: 

CFh;^^. C^Fo^^. C3Fh;^X, Cr.F«:^x 
&(/CoF«;^;^t/)9 <=><7)'>/j:< i: t> i ^^"^ts-^^X^^ 

(0 0 4 21 3^5 5in^.6(/:>y'^X'^mim:nuv<z^^^' 
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rz^(r>tf:^iiS.SL7 9. 0 5 (mL) =133. 3 (Pa • L 
/sec) <!:(.^9lft^.Ki>:fi-:5^, Cs FB;</:^co»gja«l 

(X133. 3/79. 05 (Pa - L/sec) ) C0^f2:-C 
^T^LTt^-So ^Tt. tfy^f£t}tLXmTorr^m\^'fz 
fzlsb^ I (mTorr) = 0. 133 (Pa) t^^oi^W^'i^S 
C5Fa:^^</)Sa:ll (XO. 133 (Pa) (DWu. 
X^LX^^^^ 

[0 0 4 91 I] . [^2] [^3] (Dt^-^ 

it. Siit^M<DmfS imiL : L ) . ;t/^oSl: (^ffi : Pa • 
L/sec ) RXJ^:tf^JE:h ( WSl : Pa) <^?{fi€:. r = P X V 

ffi : sec ) T-5>«9, P :^cO!±ti (*{£ : Pa) "C^b 
'9> VfiS^S^^SS (*(5z::L ) T-*5"9. Q«l;«/;^(7) 
ZJ^l: (mtL : Pa • L/sec ) X^^. ) (T^BI^^JCRA L 
;trp^C07^SEH#r«1 r ^Tt. 1 ] . 

(0 0 5 01 ?i^oT. [^i]. Lm2] blv^ [ms] 
t'-h. ^^y^i^</tf7st\^xcs^B^^'km\*'^^y''7X 

-;-al.y5^V^:^te{C;fo^,^-r^l. f»?3EB#H r 75^ 1 , 0 (se 
c) J; 19 t^^ct < ao I (sec) JiiTr'^5<h. 

ac{C:fol>-Ct. f»^£B#Ffl1 r 1 . 0—1 (sec) (7)®[iB(C 
AoTv^5 t^ot)^57!i^ ;*ct$^r-!aA/7t'Mi^i:itfc::-r>5 

<h755S«±5^75-orv^-5o [^1] . [^2] BlXJ 
3] (CioV>Tfi. ?^?5Q#rBl r {±. 0, 0 1 (sec) -39 

5. 3 (sec) 00*50(^:9'^ LTl/^^;5^ I. 

0-1 (sec) (D^mt^^-^o^i^xm^m^^m^i^tzi^ 

(0 0 5 1] ifc. r»?£B#Ri1 r 7)^ 0 . 1 (sec) \^J.TXth 

:^;^<7)«S?En#F«T r SrO. 1 (sec) i^ATtcSX^E-r 5 

[0 0 5 2] t:i^X\ MMidiL/:: r = px v/Qcoil^IC^. 
^;)^6 5J^;5»'5 «U^EH#f«l r {iSJcpmoSiavc: J: 

(0 0 5 31 ^-r\ -r^X-r^^/jg-^^fcA^iCl^^A^ 
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11 

^'><^ ^ (MU?/: : w ) -c,t^, fj, vrtj^^t't^co^M (iji 

fi'£ : L) ) <h . ?{if/i:H'Fi;i| r to:>\^X'P^^ E = P 

xWo /Q<t^^9{t!t,2:^'S Ai-^j.. ^c/) 9 {-^-^ ^ , 

[0 0 5 41 'f^t£m\\\ r . 0 J: 0 /J> ^ < I (s 
ec) i^Tco$£ia-C^5 ir'.^o - r^t??t0^rJl r i:^/:) 

$&J[^ P i t (nm Et'^O. 8X10-* (sec • W/m^) J: ^9 
10 t>:^# < M.08 X 1 0 ' (sec - W/m^) tiTT'^ ^> t ^ 

[0 0 5 5] (4or. ?{|f?^-:h#i^!1 r <hii;;^ssp i ^co« 

E;5^ 0. 8 X 1 0-* (sec • W/m^') J: ^9 t.^^ < B.08 
X 1 0^ (sec-W/m^) J^XT-C^Si:: ^T^a ir 

2i^±{C/^-5o 
[0 0 5 6] ?»aEB#Ra r t'm.^mmP i <h<7)fi|E;i?0. 
8X10** (sec - W/m=») J^TT'^j-S <!: . Ig-^^gcT^it® 

I — hTi^f^^-r^o 

20 [ 0 0 5 7 ] {3 2{i, ^ •y^>^:^^^3^;tT:7^7X-7 
^♦y5=-v^$:'nr/cCo7^<i: #co. rS?SB$ PbI r <!: B P S G 
(Boro-phospho-si I icate glass) &.V^l^i^^ h^%<D^ 
y^l^l/u- h t(Dmm'd:^^LX^-^. f^. {lI2'rC:^ol^ 

COB P y^>7'u— h^:^L. •fiC 

sFa;^^^ffiv^7t<t ^<7)B P SGBI'rw^l-T'S^-yf^vr 
h^TFL. ^ir^iC2F6:^^^fflV^7t<^ #(7)ixv?;^ h 

[0 0 5 8] ia2;^*Jb. .C^Fstfy^&.X/CsFs:tf:^^m 

^'^m-^. m^mm^'-'^< ^j:^t. b p sGni^t/uv^ 
rixfi. BP scmRxj^^i^^ [-m(D^m:m{Z7ti^J'r'- 
v^^^^. r^?tH#r«1?5=:*s< /.^^i. B P SGm>J^O'l^v^ 

[0 0 5 9] (li3fi. Uv^^^ htC 
it-r^ bps Gfl^co^ ^> y h(7)tto$ 0 i/v?;^ 

fftl. |gI3(rioV^r. ★{ICzFe^t/^^/B'/^/^i^i: 
[0 O 6 0] ia3;i»tb. F»^:x&CKCs FaJ?!/^ 



15 

;^^/fjv^6ii*^^. n\^(mii\\^'^o . 2 (sec) laT'r-tt, 

— h</)(B: hM: 0 L B P S Gflj^coicy ^> ^ i^— h(/)ttt'F 

5. 

-'7n>:tf^^m^-^m^. i^&mn^o. i (sec) 

t>;^# < ao I (sec) J^TJ::SijfBi-r5<l:. ^-y^Vi/il 

(0 0 6 2] m4it. mw^^^y'v X'^^mmm^z:}^ 

CsF^- '<;^>. C^FiT -r^V^O^CaF ^ 

co-e^^. tSoT. F- 'i'5i->fi^rtDC.F^:^^/i»6 
co«?gti^m^-{^-^i§S{:i J: -^X±f&^ixrzh<r>X'^ »9 . 

J:o-c^;*$tL. CaFs" ^:^>*iC2Fe5^^;!>»6co^? 

Fr" CrFw' >'>s.o'C8Ftr -r^fvic 

[0 0 6 3] (I47!)>«b. r^?£a#PpT$rS<-r5<i:. F' ^ 
CsFr" -i';^>'. CrF.r ^T;*-:/^ 

[0 0 6 4] [1I5(±. ^ y^>^;^/^^'^;tT>^^X-^ 
— h t(r>m^^^^\^X^^^. ll5{C:foV>T<i. Mf) 

{CjoV^T. ★fiCaFe^^^^ffl'/^/ili: ^COB P SG«g(C 
h^THL. ♦JlC^Fa;ef;^Srffli^ 

(±CsFs:^;^$rffll^rc<t #C0B P S G/IItC^t-t-^ ^ y 
^>i/u-h$r^L, ^^±C2Fe:<^^^fflv^/ti:a^cr)^- 

[0 0 6 5] ia5/>^q>, C^Fa;</^&a«C6F«;</;^$:ffi 



(9) 2 0 0 1-1 10 7 0 0 

t6 

B P SG^*J^/:k(I^i^^ h fliSC^o^ y > ^' u- h 

(0 0 6 61 men. u-^^x h)i^{c;r.ri-5iSiiKttc/:>. m 
6o 1^1, [a6j:::fci.^r(i. -^nmrnp i i± i s o ov/t 

7t<t ^<7)iS^vit$:n^L, •(iCsFa;V^^fflv^/::(!: tco 
10 ig^tt^r^LTi/^^. 

[006 7] IE16;5»^. C^Fa^^&O^CsFa^^/^^ffl 

[0 0 6 8] J^±(?:>%^;^-6. c.Fa;^z^>5:C/CsFa;y' 

^0. 8X10-* (sec • W/m^) J: »9 t>:'^^ < M.O 8 X 
20 I0-* (sec • W/m^*) 1^ TS^^l^i-^ <i: . =^ y^>Crm 

(0069] {17*±. ISi|flS^S^7X-;-iag|^ffij:::fo 

itTt^^O. F- CF^M;^>. C2F5" 

CsFt" -r;^->. C^FtL* -f^^^^t/CaFti" ^ 
^ (75 # >< 7h > 1: (7) ?^^B#F«1 ^-r <5 ?^ 14 $r U r 1/ ^ 

[0 0 7 0] 13 7 75^ r^&B#F«1<tS;^^;g<!:<7:>f)SE^ 
/J-$<i-5<t. F- ^;*->'. CF^->f ;4-:/&c;^C2Fs" 
30 ^:^>^C0<g^^^^>'{l^cJ^-r5-:^. CsF^- 

CtFi.- ^;t->^t>'CaFxt^ 'r;4->^(7:)ri;25^'f :^ 

[0 0 7 I ] 118 (a ) - (c) (t. mt£^^?A^y<y ^ 

$rfflj:£Lrc«S*$r^Lrii5'9. (US (a) Ji?»?£a$F«l;5i 

4, 5 (sec) CO^^X'^^. mS (b) {l?^?jEa#r«T;5^ 

5. 2 (sec) CO^^^T-^'Q. [il 8 (c) nrntEm^i)- 
40 13.5 (sec) (D^^X^^. :iix bCO^SJ^^J^^fi. 

[0 0 7 2] 138 (a) — (c) . C=Fo:<Z^-&CK 

(a) - (c) d^cb. mr£mrf^^m<'r^t. mm^cm^ 

-^r (^"t- C 2 F a ^ X ( 1 C 3 F « ^ ^ «l«Ti<j 5:t^ 7 
50 — .if:x:^::^^(£^icr'5^6::<i:;)'*^>7i»'^>o 
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(0 0 7 3] tZhX\ m'M^"- 5 - 2 5 91 1 9 

75'^ffi'^^Hr^^5. ^^fJ^^F5 - 2 5 9 I L9^^m{^ib* 
tt5 [0 0 5 I] . (§1 7&O'-^(7:)KiM;|(7)(gi0f}r.1^$ixr 

[0 0 7 4] tZ.^ii'^. 1#fJ3^5 - 2 5 9 I 19 

CF^ — S i 4-CO2 -C^T^Si-l^^riZItT^COa ^ 
(Siig^m-r-S J: "O, ^:^y-fi^h(r>S.tC±f&^ (c 

^5 - 2 5 9 1 1 9 ^'<^^(D^m^X:^^yf->i^iS:^{zm 

[0 0 7 5] cnir^tLT. *:f*^B.^{l. hm I5<7) J: 9 
31S(i-^?i<. C/Ftt;^»^;^#v^:^^^^v^r^'y^ 

75>fig$n-c'/>/:^t/^i#n^^5 - 2591 19 ^■{^^(D^m 

t. ^czirX;^f;^^C/'Ftt75'^2iai:'r'*>5^/i-^c;^7 

-['o 0 7 6] (m icommm) \;xt. mi (D^mmm 

[0 0 7 7] ;^7" y y^S A I {r^b-VN-c. :7'7X-^ 

[0 0 7 8] J^^LT^y^T'S A2{rjyvN-c. SfC^i 

OcOf^^JC, C/Ftt/"i^0. 5lli±Xh^y^i-^^ tf — 
7fs>^tfy^. ^l^fi'CsFs;^^^^Ai"6« Z<75^^. ;^/ 
:^f±t]tLXi-X. 0. 6 6 5 Pa-3. 9 9 P a COlE 

[0 0 7 91 rk'i^. Xx-y A3{Ci^^/^T. r = PX 

fil : sec ) Vh^. Pii:ff:^<DfEfj (WS : Pa) T-^ 

«a (mffi : Pa • L/sec ) "C^^o ) iT^raff.^^ffll^ 
rfiF?Efl#fIS| r 75'^ 0 . I (sec) ct 0 ^/J^$ < M.O L 
(sec ) J^Ji«w/^5i: -rrx7a — 3Vha — ^ i 

[0 0 8 0] :^'r yZfS A4',lJro\,^X. ^' I (7),??; 

m&i&m. L 3;i^ib.i^^=»^/^ I 2{c95 1 c7),§ii2gK?y:>j^ 

I (sec ) ctO t,'h5< ILo I (sec ) lli.tJZ/'Si^Xo 
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{Z 11 ^ //ft ul ^ \\A \m' cir . r 7 ^ itiiici ■ ^ { - j*^ 
A^ix5 35 I c/:),wij;5ijiic?lr;jc/)vO:/j*;/Jl:P i -w., /V 
(f£LL, Wo Mve>^;c/)>:^^ (iUf^A : W ) X?!r^n . Vi± 

E= P X Wo /Qii> •j>:-?J^:f'y'j{::o. sx i o 

** (sec - W/m^) J: 0 < a.o8 X L 0- (sec • 

m^) iaTirl3:5£5ix5o 
[0 0 8 I] ^JciC, y y S A 5 ^ 2 cOi^ 

2;:)»<bl^*4-fer2 0 2 (Dfiii^igz-^;^? $rWJO 
10 LT. ±f&^Hrzyy:<-^^m^-^^2 0(r>±(r)i^m'^& 

[0 0 8 2] mi(7:>mmBm'tZj:^t. y<y/i-:tatf7f. 
:^tf^(DS:JtM^\Z:hii^^^mr^z ^0 . i (sec) 
J: ^9 t^/]^^ < S.O I (sec ) Jii±:U|3:;£i-'5(!:^iC. ^ 

i<oiiii^Km;/7(om;^S'j^p i tt^&mmr t(DmX'^ 

5E=PXWo/Q^0. 8 X I 0 •* (sec - W/m^) J: 

«9 1>;^# < ELo8 X 1 0-* (sec • w/m^) J^TtclS::^ L 

2J^±j::-r5Zct:;0^r-#5o 

[0 0 8 3] {m2(ommm) j^t*, ^2(75iijffifl^ag 

[0 0 8 4] ^-r. >^S B 1 {Ciol/^r. r^x-e 

[0 0 8 5] ;^-r'y7'S B 2(C:fc^<^T. 1 

OCOP^sSetw. C/Fit7)^0. 5l^±r'*^'5 >^/^•^a;^7 — 
30 i^l;t(^CsFa^^^WA'r5o r.cD^^. 
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